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Ronald J. Sentell, Richard W. Storey,
James J. C. Chang,* and Stephen J. Jacobson
Langley Research Center
SUMMARY
Tethered balloon-based measurements of the vertical distributions of
temperature, humidity, wind speed, and aerosol concentrations were taken over
a 4-hour period beginning at sunrise on June 29, 1976, at Wallops Island,
Virginia. Twelve consecutive profiles of each variable were obtained from
ground to about 500 meters. These measurements were in conjunction with a
noise propagation study on the Remotely Arrayed Acoustic Range (ROMAAR) at
Wallops Flight Center. The purpose of this report is to provide an organized
listing of these vertical soundings, and a description of the tethered balloon
system configuration utilized for these measurements.
INTRODUCTION
A systematic study of aircraft noise propagation in the atmosphere requires
a knowledge of known factors which affect the attenuation of the acoustic signal.
These factors include the vertical distribution of temperature, humidity, wind
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speed, and turbulence. ' For propagation paths whose elevation angles above
the horizon exceed about 10 degrees, atmosphere absorption dominates the air-
to-ground losses. For this case, temperature, humidity, and pressure become
3
very important. One means of obtaining this set of meteorological data is with
^Systems and Applied Sciences Corporation
Riverdale, Maryland
a tethered balloon platform. Such a tethered balloon system was developed under
NASA grant for Langley Research Center by Dr. James M. Rosen of the University
of Wyoming to study atmospheric aerosols and related meteorological variables.
The meteorological variables include temperature, wind speed, humidity, and
pressure. All data are telemetered continuously and in parallel to a ground
station, permitting valid cross correlation between the different variables.
A preliminary study of the relationship between temperature, absolute humidity,
wind speed, and the attenuation of aircraft noise propagating through the
atmosphere was conducted at Wallops Flight Center on June 29, 1976. Noise con-
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tours on the ground were measured on the ROMAAR range. ' An artist's conception
of the ROMAAR range is shown in figure 1. Vertical profile measurements were
taken with the tethered balloon system for a 4-hour period, beginning at sunrise.
These measurements bracket and include the noise measurement period and permit
an estimate of the stability of the atmosphere during the aircraft flyover.
Data on the vertical profiles are listed in tabular form in Appendix B and in
graphical form in Appendix C.
INSTRUMENTATION
The tethered balloon system consists of a 42-cubic meter, helium filled,
class "C" balloon, a 16-kilogram instrument package, and a ground station. The
balloon, instrument package, and antenna dish are shown in figure 2. The winch,
laboratory, and a smaller balloon are shown in figure 3. Either balloon can be
parked at a fixed altitude or moved up and down continuously at a maximum rate
of 0.5-meters per second. The ground station consists of a winch mounted on a
flat-bed trailer, a fair-lead pulley mounted at ground level about 25 meters
from the winch, an antenna dish, and electronics in a laboratory located on the
trailer. The instrument package consists of a sizing aerosol counter, therm-
istors for temperature and humidity measurements, a cup anemometer for hori-
zontal wind speed, and a pressure transducer. The aerosol counter is a forward
scattering type with maximum collection efficiency at 25 and utilizes two
photomultipliers with coincidence circuits to minimize noise. Discriminators
are calibrated to size aerosols in the ranges >_0.3-micrometer diameter,
>0.5-micrometer diameter, and >_3.0-micrometer diameter, referenced to poly-
styrene spheres. ' Three thermistors are mounted in a 6.1-centimeter diameter
cylinder with sun shields and are aspirated at 9-centimeters per second. One
thermistor has a time constant of 1 second, and two thermistors (wet bulb-dry
bulb) have a time constant of 10 seconds. A wick covers one thermistor and is
attached to a water reservoir. The wet bulb-dry bulb thermistors were cali-
brated to obtain a psychometric constant for the particular geometry and aspira-
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tion used, and the measurements should be accurate to ±2 percent. Equations
are derived for absolute humidity in terms of wet and dry bulb temperature in
Appendix A. All thermistors were calibrated to +0.01 C, and equations were
fit to the calibration data with residuals at least this good. The cup anemom-
eter is a 3-cup type using a dc generator, and has a starting threshold of
0.36-meters per second, a distance constant of 2.26 meters, and an accuracy of
±1 percent. The pressure sensor consists of a membrane mounted in an open-
ended capsule with strain gages attached. With the incorporated temperature
compensation, the sensor is accurate to ±0.1 millibar, giving an altitude
resolution of approximately ±1 meter.
The output from each sensor is converted to a frequency and placed on a
carrier to modulate a 1680-megahertz transmitter. All data are telemetered
continuously and in parallel to a ground receiver. Data are recorded on FM
tape, and voltage levels are plotted in real time on X-Y plotters (altitude
versus variable). Real-time plotting is necessary to insure that the sensors
are functioning properly, and to locate inversion layers which may be of
interest for further study. The receiver and processing electronics are shown
in figure 4. A maximum of ten channels can be demodulated and are available
both in parallel and in serial. Serial output is displayed on a strip chart
recorder to ascertain proper sensor operation. Use of frequency offset elec-
tronics, counters, and digital-to-analog converters is necessary to produce an
approximate plot of a variable versus altitude on an X-Y plotter.
After each project, FM data tapes are transcribed to digital tapes for
computer processing. A special interface circuit has been designed and built
for the transcription to insure no loss in accuracy in data transcription.
Frequency-to-digital conversion is accurate to 1 part in 20,000. Computer soft-
ware has been developed for data analysis, listing, and plotting. Filtering is
included in the software to eliminate noise from the data. Single point excur-
sions outside a bandwidth manually selected from the raw data are replaced by
a point on a straight line, between adjacent points.
RESULTS AND DISCUSSION
A tabular listing of time of day, altitude, temperature, humidity, wind
speed, and aerosol concentrations is given in Appendix B. These data are
grouped in terms of vertical profiles and cover the time period from 5:44 a.m.
EOT to 9:26 a.m. EDT. In all the data presented, 1-second averages have been
taken. Even though this averaging period may be inappropriate for obtaining
a mean profile, especially for wind speed, both the mean and variance of each
profile can be approximated by inspection of the data. Graphical plots for
each variable and each profile are given in Appendix C. A detailed analysis
for a given profile can be made by choosing a region of interest from a plot
and analyzing the corresponding block of data in the tabular listing.
The dynamic meteorology associated with the abrupt heating of the earth's
surface at sunrise is clearly shown in the graphs in Appendix C. Temperature
profiles progress from nearly isothermal at sunrise, to nearly neutral or
adiabatic, 3 hours later. Localized inversions are shown to form and break up.
Also a turbulent-like structure is seen to propagate upward from the ground.
Mean wind speed progresses from a nearly logarithmic profile to a nearly con-
stant profile with increasing gustiness about the mean. Again, a turbulent-
like structure propagates upward from the ground. Humidity profiles change
from a negative slope to a positive slope, with ground level humidity decreas-
ing in time after sunrise. The latter part of humidity profile 11, and all of
profile 12 are invalid due to the wet-bulb reservoir going dry. Aerosol con-
centration appears nearly constant with altitude, except for the period of an
hour after sunrise. During this period, when the temperature profile in the
lowest 100 meters proceeds from a positive lapse rate to isothermal, the
aerosol concentration in the lowest 100 meters increases as the temperature
increases. When an isothermal profile is established, the total aerosol pro-
file increases, with a larger increase in the size range 0.3-micrometer diameter
to 0.5-micrometer diameter. When an adiabatic lapse rate is established, the
aerosol concentration in the total profile decreases as would be expected due
to increased mixing.
CONCLUDING REMARKS
Vertical profile measurements of meteorological variables are required for
an accurate study of the propagation and attenuation of sound in the atmosphere.
Calculations of vertical distributions, based on ground measurements and a
standard atmosphere, can lead to erroneous conclusions. This is clearly shown
in the measured profiles presented in this report. During the dynamic period
after sunrise, a turbulent-like structure propagates upward from the ground
and temperature inversions and wind shears are observed to form and break up.
The tethered balloon system is shown to be a powerful tool for measuring
meteorological vertical profiles associated with the attenuation of noise
propagating in the atmosphere. Future plans include developing turbulence
sensors for the balloon-borne package.
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CALCULATION OF ABSOLUTE HUMIDITY FROM
WET-DRY BULB TEMPERATURES
From the psychromatric equation:'
6
 =
 es <V - p AW (T - V'
where
e = vapor pressure (mb) at temperature T
e (T ) = saturation vapor pressure (mb) at temperature T
s w w
p = atmospheric pressure (mb)
A = psychrometric constant
T = temperature ( C) of ambient air
T = wet bulb temperature ( C)
w
For the wet-dry bulb geometry utilized and the aspiration rate the psychrometric





The saturation vapor pressure is given by:
(Tw) = 6.11X10 ^ .^ (A2)
w
Absolute humidity is given by:
' (T
 + 273.15)
where A. H. = absolute humidity (gm/m )
Substituting (Al) and (A2) into (A3), one obtains
7.5 T
A. H. = 216.6 6.11 X 10 237.3 + T
w
- 0.000572 p (T - T )/(T + 273.15)
w
APPENDIX B
TABULAR LISTING OF DATA
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.7 <•• • 10.9 OiO

































































































































































i A L T I T U D E






5 0 7 . 3 5
5 0 7 . 2 1
5 0 7 . 2 3




5 0 6 . 3 6
5 0 6 . 7 4
507.00
506 .81
5 0 6 . 6 2
5 0 6 . 4 2
507.2 ' )
506.95,
5 0 6 . 4 2
506 . o7
5 0 6 . 6 7
506 .77
5 0 6 . 9 9
5 0 (. . 4 7
505 . 9*1
5 0 o . 4 4
507.01











5 0 6 . 8 2
506.79
t
: . . F I N E
22 .96
2 2 . 9 5
22 .95
22 .94
2 2 . 9 5
2 2 . 9 4
2 2 . 9 3
2 2 . 9 5
2 2 . 9 5
22 .95
2 2 . 9 5
2 2 . 9 5
2 2 . 9 5
2 2 . 9 4 "
2 2 . 9 4
2 2 . 9 4
2 2 . 9 4
2 2 . 9 5
22 .96
2 2 . 9 5
2 2 . 9 4
22 .96
2 2 . 9 6
22 .96
2 2 . 9 4
~"" 2 ? . 9 5
22.95"
2?. 92
2 2 . 9 4
2 2 . 9 5
2 2 . 9 4
2 2 . 9 3
2 2 . 9 5
2 2 . 9 5
2 2 . 9 4
2 2 . 9 5
22 .96
2 2 . 9 3
2 2 . 9 4
2 2 . 9 5
2 2 . 9 4
22 .94
"• """ 22 .94"
T E M P E R A T U R E (C) i HUMIDITY
D R Y W E T : R E L A T I V E
i ( P E R C E N T )
2 2 . 9 8
2 2 . 9 8
2 2 . 9 7
" 2 2 . 9 7
2 2 . 9 7
2 2 . 9 6
2 2 . 9 5
22 .97"
2 2 . 9 7 "
2 2 . 9 6
2 2 . 9 6
2 2 . 9 8
2 2 . 9 7
22 .96
" " "22 .96
2 2 . 9 6
22.96"
""" 2 2 . 9 7
2 2 . 9 7
2 2 . 9 7
2 2 . 9 6
2 2 . 9 7
2 2 . 9 7
22 .97
2 2 . 9 7
22. 9B
2 2 . 9 7
"22 .96
2 2 . 9 7
2 2 . 9 7
22 .95
2 2 . 9 6
2 2 . 9 7
2 2 . 9 7
2 2 . 9 6
""" 22 .98
~ 2 2 . 9 7
22.97
2 2 . 9 7
22.96
2 2 . 9 7
2 2 . 9 6

































































6 9 . 8 6





















A B S O L U T E












































« W I N O S P E E D S
i ( M / S E C ) :
I I "" S M A L L
"" y.28 56.1
5.31
5 . 3 2
5 .26
5 .28






















5 . 2 7
" 5 . 2 3
"" " 5.19
5 . 2 1
5 . 2 6
5.29









5 . 2 7




5 6 . 8
6 2 . 4
5 4 . 6
60 .3
5 5 . 6
50 .9
5 5 . 5
5 5 . 5
59 .7
5 6 . 2
5 5 . 8
5 5 . 3
5 4 . 9
51.7
5 4 . 4
50 .5
51.9
5 8 . 7








5 8 . 4





4 9 . 7
56.6
55 .9
5 7 . 7
6 2 . 2
5 3 . 6
A E R O S O L «
( N O . / C M 3 ) i
























































































A L T I T U D E ! TEMPERA' tURE" _Uf) " ~ ;-~-^ HUMIDITY " " VwIND SP'EEDi
( M E T E R S ) i FINE " ' DRY """ " "WIT " R E L A T I V E " A B S O L U T E : '"("M/SEO.V
i " ( f E R C E N T ) < G / M 3 ) ! _ _ ^ " " l





















































ALT I T U O E i T E M P E R A T U R E (C)





































































































































I HUMIDITY :WIND SPEEDt




































































































































































































































































































































































































TIME : ALTITUDE! T E M P E R A T U R E (C) > HUMIDITY SWING SPEED!
« IMfcTERSU FINE DRY VIETi RELATIVE APSOLUTEJ <M/SEC)I

























































































































































































































































































































































































































































































































































































































4 6 ft . 9 5 .































































































P.E '(C^  i MUMYolfV JWltoO SPEED* AERdSOl " i ~ "'
WEll Rc'tittVF APSOLUtEJ t M / S E C > » lNOi/Crt3) I
i iPFRfMti toj'risn i " S H A L L MEDIUM URGE':
18. 80 70.40 ~ 1V.35 9v51 59,6 9.3 0.0
13.80



























































































































































































































































































































































































































































































































" HUMToTfY :WINO SPEED
WET! R E L A T I V E A R S O L U T E l (M/SEC)















































































































































































» " SMALL" MEDIUM LARGE«
























































































































































































































































































































































WET: R E L A T I V E ABSOLUTE
"« (PERCENT) (G/M3)


















































































































































































































































































































































































































































































































































: R E L A T I V E ABSOLUTE:













































































































































































































































































































































































































































































































































i HUMIDITY IWIND SPEED:
WET: R E L A T I V E APSQLUTE
: (PERCENT) (G/M3)
















































































































































































































































































































































































































































































































































































i HUMIDITY JWIND SPEEDl AEROSOL































































































































































































































































































































































































































































WETs R F L A T I V F ABSOLUTE
: (PERCENT) (G/M3)































































































































t W I N D SPEED! AEROSOL l
! (M/SEC)! (NO./CM3) I
! l " SMALL MEDIUM LARGE!





























































































































































































































0 6 2 9 0 6 1 2 2 0
0629061221
0 6 2 9 0 6 1 2 2 2
0 6 2 9 0 6 1 2 2 3
C 6 2 9 0 6 1 2 2 4
0629061 2 2 5
06.29061226
0 6 2 9 0 6 1 2 2 7
0 6 2 9 0 6 1 2 2 8
0 6 2 9 0 6 1 2 2 9
0 6 2 9 0 6 1 2 3 0
0< 29061231
0 6 2 9 0 6 1 2 3 2
O b 2 9 0 6 1 2 3 3
0 6 2 9 0 6 1 2 3 4
0 6 2 9 0 6 1 2 3 5
0 6 2 9 0 6 1 2 3 6
06290 fc l i ' 37
0629U61238
0629 /CM239
0 6 2 9 0 6 1 2 4 0
0629061241
0 6 2 9 0 6 1 2 4 2
0 6 2 9 0 6 1 2 4 3
0 6 2 9 0 6 1 2 4 4
0 6 2 9 0 6 1 2 4 5
0629061246







! A L T I T U D E
i ( M E T E R S )
t
360.5s
3 5 9 . 6 5
359 .67
359 .06
3 5 8 . 5 2
357.16
3 5 6 . 6 4
3 5 6 . 7 6
3 5 6 . 4 3
3 5 5 . 6 4
3 5 5 . 1 7
3 5 4 . 2 9
3 5 3 . 9 9
3 5 4 . 0 6
"" 353 .66





3 4 9 . 4 9
3<-9.01
3 4 6 . 5 3
3 4 8 . 0 4
3 4 6 . 2 8
3 4 7 . 6 4
347. 14
346. ''4
3 4 6 . 2 3
3 4 5 . 6 3
3 4 5 . 3 7
3 4 5 . 5 1
3 4 4 . 3 8
344.18
34', .16
3 4 4 . 4 2







































































































2 3 . 2 7
2 3 . 2 6
2 3 . 2 6
'2 3 . 28
2 3 ".2 7
2 3 . 2 8
2 3 ^ 2 9
2 3 . 3 0
2 3 . 2 9
2 3 . 3 0
2 3 . 3 2
2 3 . 3 1
2 3 ."31
23. 32
2 3 . 3 2
2 3V 30
2 3 . 3 2
2 3 . 3 1
2 3 . 31
2 3 . 3 0
2 3 . 3 0
2 3 . 2 5
23 .21




2 3 . 0 6
2 3 . 0 3
2 3 . 6 3




2 3 . 0 2
23.01
23 .03
2 3 . 0 4
2 3 . 0 3
23 .02












































« HUMIDITY ( W I N D S P E E D :
i R E L A T I V E A B S O L U T E : ( M / S E C H
i " ( P E R C E N T ) " ( G / M 3 ) : :
73.80






7 3 . 8 6
73.83
73. 7P
7 3 . 8 2
73.73
7 3 . 7 4
73 .69





7 3 . 9 5
7 4 . 0 4
" 7 4 . 2 1 " "
74 .37
7 4 . 5 4
74 .92








































































































A E R O S O L
( N D . / C M 3 )









































































































































£ i> ' TIME "":"{-» 2 »






















































3 2 5 . 5 4
334.77
335.21








3 3 1 . 9 3 '
















































































































WETt R E L A T I V E ABSOLUTE



























































































































































































































































































































































































































































2 2 . 8 5
2 2 . 9 0
22.91
22 .90
2 2 . 8 6
22.90
2 2 . 9 0
2 2 . 8 7
22 .90
2 2 . 8 8
2 2 . fc 6
"" . " 2 2 . b 5
2 2 . 8 5
22 .84
2 2 . 8 4
2 2 . 8 3
2 2 . 8 5
2 2 . 8 3
2 2 . 8 3
2 2 . 8 6
""" 2 2 . H 4
2 2 . 8 3
2 2 . 8 5
2 2 . 8 5
2 2 . 8 5
2 2 . 8 5
2?. £6
2 2 . 8 3
2 2 . 6 5
2 2 . 8 6
2 2 . 8 4
2 2 . 6 4
2 2 . 8 7
2 ? . S 3
2 2 . 8 4
'"'" 2 2 . 8 5
2 2 . 8 6
2 2 . 8 3
2 2 . 9 6
2 2 . 6 9
2 2 . 8 7
• ?~2.'86
T E M P E R A T U R E ( C ) i HUMiniTY J W l N O S P E E D : A E R O S O L
ORr "" " "WET: " " R E L A T I V E ABSOLUTE: " ( M / S E C ) : "" ( N O . / C M 3 )
i ( P E R C E N T ) ( G / M 3 ) i " t " S M A L L MEDIUM
2 2 . 8 4 "20. Cl " 80 .23 " 16.11 6.22 90.5 19.6
22 .80 " "20".00"" " " 8 0 . 4 5 ' " 16.12 " 6 . 2 7 88.0 2.4.y3
2 2 . 8 3
"22 .85" "
2 2 . 8 2
2 2 . 8 2
22. b2
2 2 . 6 3
22 .81
2 2 . 8 4
2 2 . 8 4
2 2 . 8 3






2 2 . 7 7
22 .78
22. 79
2 2 . 7 8
2 2 . 7 8
2 2 . 7 9
2 2 . 7 9
2 2 . 7 9
2 2 . 7 9
2 2 . 8 0
2 2 . 7 8
2 2 . 7 9
"""22.80""
2 2 . 7 9
' 2 2 . 7 9
2 2 . 8 2 "
2 2 . 8 0
2 2 . 8 0
2 2 . 8 2
2 2 . 8 3
2 2 . 8 3
2 2 . 8 3
2 2 . 8 4























































- 8 0 . 5 6







8 0 . 4 3




8 0 . 3 5
80 .42
















































































































































2 3 . 5
2 4 . 2
22 .2
































































































































































































































































(C) « HUMIDITY 1WIND SPEEDl
WET: R E L A T I V E APSOLUTE:


















































































































































































































































































































































































































































































































































































































































s (M/SEOs "~ " " (NO./CM3)

























































































































































































































T I M E t A L T I T U D E









0629061929 1 1 5 . <• 5
0 6 2 9 0 6 1 9 3 0 11* , .<«5
Or29061931 " 113.9*.
0 6 2 9 0 6 1 9 3 2 1 1 3 . *< 3
0 6 ? 9 0 £ 1 9 3 3 112.91
Ot?90fcl ' )3<t 112. *.0




























































'• ' F I N E
I
2 2 . 5 3
2 2 . 5 7
""22 .60




2 2 . 5 6
22. ',3
' 2 2 . 5 3
2 2 . 6 1
2 2 . 6 9





." ' 2 2 . 6 8
2 2 . 6 5
2 2 . 6 2
" " " 22". 55
22.*,7
"' 22.*.0
2 2 . 3 2
2 2 . 2 7
22.2*.
2 2 . 2 8
22.33
2 2 . 2 3
2 2 . 2 6
2 2 . 2 6











2 2 . 2 2
T E M P E R A T U R E ( C ) » H U M I D I T Y I W I N O S P E E D ! A E R O S O L
D R Y W E T i R E L A T I V E A P S O L U T E i ( M / S E C )
« ( P E P C E N T ) ( G / M 3 I i
22 .~< i9 ~ 2 0 . 5 2 " "" 86.30 " 16.99 " ~V.93
22.52"" " 2 0 . 5 3 86. 1*. 16.98 <t .89
2 2 . 5 2
22 .53
2 2 . 5 2
22.*.8
2 2 . * » 7
22 .* ,7
22.***,
2 2 . 4 2
22 .* ,2
2 2 . 4 2
2 2 . <t 1
22.*,!
2 2 . 3 d
22.3*.
2 2 . 3 2
2 2 . 3 1
2 2 . 2 5
2 2 . 2 * .
2 2 . 2 2
2 2 . 1 5
""22.1*.
22.15







2 2 . 0 5
2 2 . 0 7





""" 2 2 . 0 0
22 .00
2 2 . 0 2
22.03




2 0 . 4 8
2 0 . 4 8
20.51
2 0 . 4 7
2 0 . 4 6
2 0 . 4 6
20.*,5
20 .45
2 0 . 4 8




2 0 . 4 5
2 0 . 4 3
2 0 . 4 4
20.*.!
2 0 . 4 2
20.*.0
2 0 . 4 2
2 0 . 3 8
20.*.!
20.*.!




























P 6 . 9 8
86 .95












































































































I ( N O . / C M 3 )
I S M A L L M E D I U M
" 80.2 22 .0
























































































































































































































































































































































































































































































































































































» SMALL MEDIUM LARGE:
























































































































































































































































































































































"22 . 6 5
i HUMIDITY «WIND SPEED
WETi R E L A T I V E APSOLUTEi


















































































































































































































































































































































































































































































































































i HUMIDITY :WIND SPEED
WET: R E L A T I V E ABSOLUTE: (M/SEC)





































































































































































































































































































































































































































































































TEMPERATURE (C) : HUMIDITY J W I N D SPEEDJ AEROSOL i
DRY WE'T« R E L A T I V E ABSOLUTE: (M/SEC): " " " " ' (NO./CM3) i


















































































































































































































































































































































































































































































































































































•. • y w wt . J •!-•. iff.- T-. i g\


































































































































































































































» SMALL MEDIUM LARGE«










































































































































































: T I M E i .
 : A L T . I T U D E




O b 2 9 0 6 1 6 3 2 ' 2 2 6 . 5 4
0629061633 2 2 6 . 4 0
0629061634 2 2 6 . 2 5
0 6 2 9 0 6 1 6 3 5 2 2 5 . 0 2
0 6 2 9 U 6 1 6 3 6 2 2 3 . 5 2
0629061637 2 2 3 . 5 9
0629061638 2 2 2 . 1 7
0 6 2 9 0 6 1 6 3 9 ' 221 .00
062 90 M 6 4 0 2 2 0 . 7 3
0 6 2 9 0 6 1 6 4 1 220 .15
0 6 2 9 0 U 6 4 2 ' 2 2 0 . 3 3
0 ( . 2 9 0 f - 1 6 4 3 .219 .64
0 6 2 9 0 6 1 6 4 4
0 ( , ? 9 G 6 l 6 4 ! j
0 Is ? V U >j 1 6 4 6
0 6 2 < ? 0 t l f i ' i 7
0 6 2 9 0 6 1 6 4 8




0 6 2 9 0 6 1 6 5 3
062906165'.
0 6 2 9 U M 6 5 5
0 6 2 9 0 6 1 656
0 6 2 0 0 6 1 6 5 7
0629061658 '"'" "
0629061659
0 6 2 9 0 6 1 700
0629061701
0 6 2 9 0 6 1 7 0 2
0629061703
0 6 2 9 0 6 1 7 0 4
0629061705
0629061706









2 1 6 . 4 8
2 1 5 . 4 ?
2 1 4 . 4 5
214.3' .
2 1 4 . 2 2









2 0 8 . 3 3
2 0 7 . 7 2
207.10
206 .49
2 0 5 . 2 2
2 0 4 . 5 4
2 0 3 . 6 3
203 .50
203 .29
2 0 2 . 7 2
202. 14
200 .94
i . T E M P E R A T U R E • (C) ; « ' 'H 'JMIOTTY > • « W I N D ' 'S^EEti t A AEf t t iS 'OL
I " , f I N E , DRY " ~~. W E T t R F I ' A I T I V E > frPS'OLUT€'» ' t« / SEC ) t" ( ' ( N O . / C H 1 3 »
i • t ! ( P E R C E N T ) ' ( G / M 3 ) : : "SMALL ' M E O I t l M
22.90 22 .93 " 20.13 " " R0 .39 > 1 6 ' . 2 2 " " " ' 5 . 8 8 " " ' 8-7;4 '17 .3




2 2 . 9 0
2 2 . 9 0
2 2 . 9 2
22'. 69"
2 2 . 6 9
2 2 . 9 0 "
2 2 . 8 8
2 2 . 6 8
2 2 . 8 9
22. f B
2 2 . 8 6
2 2 . 6 7
2 2 . 8 7
2 2 . 6 6
22. b6
2 2 . B 5
2 2 . 8 3
2 2 . 8 8
2 2 . H 8
22 . h9
2 2 . 8 7
22 . 89
2 2 . 9 0
2 2 . 8 8
2 2 . S 9
22.91
2 2 . 8 8
2 2 . 8 8
22. 67
2 2 . 8 7
2 2 . 6 9
2 2 . 9 1
2 2 . 6 7
2 2 . 8 8
2 2 . 8 8
22. b9
2 2 . 8 4




2 2 . 9 4
2 2 . 9 2
2 2 . 9 4
2 2 . 9 7
2 2 . 9 4
2 2 . 9 4
P 2 . 9 5
2 2 . 9 3
2 2 . 9 2
2 2 . 9 3
2 2 ^ 9 2
2 2 . 8 9
2 2 . 8 9
2 2 . 9 2
2 2 . 8 7
22 .89
2 2 . 3 9
2 2 . 6 7
2 2 . 8 3
22. as)
2 2 . 8 9
"22 .88
2 2 . 9 2
22 .91
2 2 . 9 0
2 2 . 9 1
2 2 . 9 3
2 2 . 9 0
2 2 . 9 0
2 2 . 9 0
2 2 . 8 9
2 2 . 9 2
2 2 . 9 2
2 2 . 9 1
2 2 . 8 9

























































































P 0 . 3 4 :




P 0 . 0 7
P 0 . 3 8 "
8 0 ^ 3 9 "
8 0 . 2 8 ' "
80.44" "" ":
P 0 . 4 5
P 0 . 5 3
80.58
R 0 . 6 4
B0."73"
80 .79" "" .
P 0 . 7 6 :
























































































































































































2 2 . 4

































'"'"_" o.o ~ ' " ' "".
0.0

































































































































































































































































































APSOLUTEi « M / S E C ) « (NO./CM3) i
(G/M3): i SMALL MEDIUM LARGE:













































































































































































































































































































HUMIDITY IWIND SPEED! AEROSOL




































































































































































































































































































































































































































































































































































































: HUMIDITY : W I N D SPEED! AEROSOL
WET» RELATIVE ABSOLUTE: (M/SEC)
: (PERCENT) (G/M3M
20.41 ~~ 88.66" 17.02 "37 4" 0































































































































































































































































































 T N n
' '•"
_ _ _ _

































































































" " 22.11 ' "
22.06
22.10
















































































: HUMIDITY iwiNo SPEEDS
WET: RFLATIVF. ABSOLUTE* (H/SECH
: (PERCENT)" (G/M3)!~ '"" "«'"
































































































































































































































































































































































































































































































I HUMIDITY tWIND SPEEDl
WET« RELATIVE ABSOLUTES (M/SECM
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































T E M P E R A T U R E (C) :
DRY
HUMIDITY :*IND SPEED:






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































0 6 2 9 0 6 4 3 2 5
0 6 2 9 0 6 4 3 2 6
0 6 2 9 0 6 4 3 2 7
Of 29064328
0 6 2 9 0 6 4 3 2 9
0 6 2 9 0 6 4 3 3 0
0629064331
0 ( 2 9 0 6 4 3 3 2
06,29064333
0 6 2 9 0 6 4 3 3 4
0 6 2 9 0 6 4 3 3 5
06?9064336
0 6 2 9 0 6 4 3 3 7
0629064338
0 6 2 9 0 6 4 3 3 9
O o 2 9 0 6 4 3 4 0
0 6 2 9 0 6 4 3 4 1
0629064342
0 6 2 9 0 6 4 3 4 3
0 6 2 9 0 6 4 3 4 4
0 6 2 9 0 6 4 3 4 5
0 6 2 9 p 6 4 3 4 6
0 6 2 9 0 6 4 3 4 7
0 6 2 9 0 6 4 3 4 8












: A l t i T U D E
































2 0 7 . 3 4
208.10
208.83















2 2 . 5 2
"" \ 2 2 . 5 2
$22. 54
2 2 . 5 2
2 2 . 3 2
2 2 . 6 2
" 2 2 . 7 2
2 2 . 8 2
" 2 2 * 8 2
?2 .82
22. B2
2 2 . 6 2
22 .81
2 2 . 6 0
2 2 . 8 0
22 .71
2 2 . 6 2
22 ;54
2 2 . 5 4
" 2 2 . 5 2
" 2 2 . 5 6
22.53
""" 2 2 . 5 3
" 2 2 . 5 5 "
2 2 . 5 4
22 .51
2 2 . 5 2






" 2 2 . 4 7
22 .47
22 .51
2 2 . 4 8
2 2 . 4 7
22 .50
22 .50
t E f l P E R A t U R E t t i
D R Y
22-.-4 3
2 2 * 6 2
? 2 . 6 2
2 2 . 6 2
2 2 * 6 2 "
22.61
22 .60 ""
2 2 . 6 0
2 2 . 6 0
22 .39
2 2 . 5 3
" 2 2 . 5 8 "
22. 59
2 2 . 5 9
2 2 . 5 8
2 2 . 3 8
2 2 . 5 7
" " 2 2 * 5 7 "
2 2 . 5 7
2 2 * 5 5
2 2 . 5 6
2 2 . 5 7
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